Despite its frequent use in many religious institutions, the microbiological quality of holy water is clearly underinvestigated. We analyzed the microbial load of 54 holy water samples, repeatedly taken in five Roman Catholic churches in the greater area of Villingen-Schwenningen, Germany, by means of aerobic colony counting and Matrix-Assisted Laser Desorption/Ionization (MALDI) Biotyping of representative isolates. Over all samples, colony counting indicated an average aerobic microbial load of 5.85 ± 3.98 × 10 3 colony forming units (CFU) ml À1 (average ± standard error of the mean (SEM)).
INTRODUCTION
Holy water is regarded as a symbol of blessing and purification and plays an important role in many ceremonies and customs in Christianity and other religions. For instance, Roman Catholic believers wet their fingers with holy water when entering a church and make the sign of the cross; occasionally they also cross themselves on the forehead, lips and chest. In addition, holy water is used to bless items, food or persons by sprinkling them. Maybe also owing to its religious importance, only a few studies have addressed the microbiological and hygienic properties of holy water so far.
Holy water was first recognized as a source for potentially pathogenic microorganisms in 1992, when Pseudomonas aeruginosa was isolated from infected wounds of a hospital patient after sprinkling with holy water (Greaves & Porter ) . In two other cases, nosocomial infections with Acinetobacter baumanii were traced back to contact with holy water (Rees & () reported contaminations of holy water fonts and holy springs in Vienna, Austria, with cell counts of up to 10 7 characterize the quantity and diversity of cultivable, aerobic bacteria in holy water samples from Roman Catholic churches in our local environment, and to identify potential factors that drive microbial contamination there. We believe that the data will help to improve the hygiene management of holy water.
METHODS

Holy water sampling and colony counting
Fifty-four holy water samples were taken from five different Roman Catholic churches in the greater area of Villingen-Schwenningen, Germany, between May and July 2015.
Over this period, samples were collected three times independently from the holy water fonts of the five churches, i.e., from 18 holy water fonts in total (four fonts each were sampled in churches C1-3 and C5, and two fonts in church C4). From each font, 10 ml of water were taken with a sterile syringe (Henry Schein, Melville, USA), after thorough mixing.
Water temperature and electrical conductivity (WTW LF 92, Weilheim, Germany) and pH (Five Easy, Mettler Toledo, Columbus, USA) were measured. In addition, building material and hygienic status (corrosion, visible contaminations, etc.) of the sampled fonts were documented.
Water samples were immediately put on ice and further processed within 1 h after sampling. After decimal dilution up to 10 À2 with sterile tap water, 100 μl of each dilution were spread in duplicate on tryptic soy agar plates (TSA, Carl Roth Karlsruhe, Germany) and incubated under aerobic conditions for 72 hours at 37 W C. Subsequently, all grown colonies were counted. Only plates with 3-300 colonies were counted.
From the counted plates per sample, one representative of each colony morphotype (differing in colony size, color and/or morphology) was picked, T-streaked on a TSA plate, and incubated aerobically at 37 W C overnight. After control of purity, one colony was picked from each morphotype plate, suspended in nuclease free water, and stored at À80 W C for subsequent identification by Matrix-Assisted Laser Desorption/Ionization (MALDI) Biotyping.
In addition to the triplicate sampling of each holy water font per church, the fonts of two churches were sampled directly before and after a holy mass to investigate the direct influence of the churchgoers on the total colony count. (C1-C3), and rural churches with less than 900 congregants (C4-5; Wilcoxon-Mann-Whitney test; p ¼ 0.0026). A subsequent correlation analysis (Figure 1(b to the building material of the holy water fonts or its hygienic status. Finally, colony counts of samples taken before and directly after a holy mass showed no significant differences ( p ¼ 0.753). The bacterial load in C1 changed from 1.13 ± 0.74 × 10 2 CFU ml À1 before to 1.02 ± 0.57 × 10 2 CFU ml À1 after mass, and in C3 from 7.95 ± 7.30 × 10 2 CFU ml À1 to 8.99 ± 7.40 × 10 2 CFU ml À1 (average ± SEM, n ¼ 4, respectively).
Identification of bacterial isolates by MALDI Biotyping
In this study, 145 bacterial isolates were obtained from 54 holy water samples and analyzed with the MALDI Biotyper system ( 
CONCLUSIONS AND OUTLOOK
Our study revealed a moderate bacterial contamination of holy water samples and a frequent occurrence of potentially pathogenic bacteria, thereby corroborating previous studies. and discriminated typical (oligotrophic) water bacteria.
Nevertheless, our data suggest that human (skin) associated bacteria represent a significant fraction of the holy water microbiota, which (therefore) is also influenced by the number of visitors to a church. In conclusion, holy water in more frequented churches should be replaced more often.
In order to better understand the hygienic relevance of the holy water microbiota and the influence of environmental factors (frequency of use, salt concentration, pH, font building material, etc.), further studies with larger sample sizes and ideally using cultivation-independent techniques should address an extended spectrum of microorganisms including anaerobic bacteria, fungi and also viruses. In addition, appropriate antimicrobial strategies in compliance with religious principles should be investigated in more detail to control microbial growth in holy water fonts and the respective storage containers.
